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Department of Dermatology, Yale University School of Medicine, N ew Haven, Connecticu.t, U.S.A. 
We examined by electron microscopy the calf and 
buttock skin of 15 juvenile diabetics, 9-36 years old, to 
determine whether microangiopathy was present. We 
found in 14 of 15 buttock specimens, and in all 15 calf 
skin specimens, that the vascular walls were thickened 
by the peripheral deposition of a belt of basement mem-
brane-like material admixed with variable amounts of 
collagen (reticulin) fibrils. In addition there appeared to 
be an increased amount of unidentified material, most 
likely base ment membrane, deposited within the vas-
cular wall itself. We also found age-related elastic fiber 
abnormalities in the dermis and in the arterioles which 
were identical to those observed in normal, nondiabetic 
aged individuals 50-93 years old. We suggest that the 
vascular and elastic fiber abnormalities in diabetic skin 
may represent a manifestation of accelerated aging 
r ather than being r e lated to the various underlying met-
abolic derangements in diabetes. 
Diabetic microangiopathy is defined as a diffuse cap illary 
disease cha racterized by vascula r wall thickening. This thick-
ening is detected by light microscopy as intense PAS-positive 
sta ining and by electron microscopy as thickening of the basa l 
lami na. Investigators had assumed t hat t he thickening of the 
dermal vesse ls in diabetic sk in [1- 3] was produced by the same 
mechanism as described for t he affected retina l, glomerular, 
and skeleta l muscle capillaries-namely, t hickening of the basal 
lami na of the vascular wall [4- 6]. However when t he dermal 
vessels were carefully examined by electron microscopy, two 
types of vascular wall thickening, different from that described 
in t he eye kidney and skeletal muscle, were observed. In one 
type, t he dermal ~~sse ls had unusuall y t hick wa lls composed of 
mul t ilayered or homogeneous-appearmg basement membrane 
material [1,3,7,8] . At the time, th~se changes were no~ recog-
nized as being unique and normal for human d: rmal_ mJcroves-
sels [9]. T he other type of vascular "':all th1ckemng _was _a 
pathologic process (10] which we descn?e mo~e fully-~~ t h1s 
paper. Because t he co nflicti n~ observatiOns of two d1ffere~ t 
types of vascular wall t h1ckenmg were ~ot re~o lved, the skm 
has not been used as a t issue for the d1agnos1s and study of 
diabetic microangiopathy since 1967. We restudied this prob-
lem because of our observations t hat t he vascular changes m 
necrobiosis lipoidica diabeticorum were ident ical t~ t hose we 
had observed in actinically damaged and chronologiCa lly aged 
sk in. This paper described the distinctive fe~tu_res of the vas-
cular as well as t he unexpectedly found elast1c hber abnormal-
ities present in t he skin of juvenile diabetics. 
MATERIALS AND METHODS 
Three-millimeter punch biopsies were taken from the calf and b~t­
tock skin of 15 juvenile diabetics. The techniques for local anesthes1a, 
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biopsy, processing of the t issues, and examination by electron micros-
copy have been described previously [9] . Table I lists the characteristics 
of the 15 diabetics. They ranged in age from 9 to 36 years. Their mean 
age was 22.2 years and the mean duration of their disease was 13.4 
yea rs. Multiple ul trathin sections from 2 or 3 different levels in each 
of 3 or 4 blocks from each biopsy were examined for vascular and 
elastic fiber abnormali t ies. Thirty- five to 202 vessels from buttock 
dermis were photographed and studied in each patient. The percentage 
of thickened vessels was determined without the investigators' knowl-
edge of the patient's identity, age, or duration of disease. Vessels in the 
subcutaneous fat were not included in this analysis. Multiple linear 
regression analysis was performed to dete rmine whether there was a 
correlation between the age of the patient and the duration of the 
diabetes and the percentage of t hickened vessels. The duration of 
disease was dated from the time of diagnosis, which occurred within 1-
2 months of the onset of symptoms. The statistical pac kage for multiple 
linear regression on the CLINFO computer system was used. Buttock 
skin from 40 normal, nondiabetic men and women 18- 93 years old 
served as controls. These studies were approved by the Human Inves-
tigation Committee at Yale. 
RESULTS 
In 14 of 15 patients, vascular wall t hickening was found in 
t he buttock skin . The exception was a 17-year-old woman who 
had had diabetes for only 0.5 years (Table I). ln every pat ien t, 
including this woman, ident ical vascu lar changes, but of a more 
severe degree, were found in t he sun -exposed but clinically 
normal calf sk in . Not only were t he vascular walls more severely 
thickened but t he number of affected vessels was greater in t he 
biopsies from calf skin than in t hose from buttock skin. 
The basic vascu la r change is illustrated in Fig 1. The vessel 
shown is a postcapillary venule which is characterized by 2 or 
3 layers of pericytes and the presence of mult ilaminated base-
men t membrane mate rial in t he vascular wall (arrow)_ Periph-
eral to the wa ll, there is a belt of homogeneous -appearing 
basement membrane-like material admixed with collagen (re-
ticu lin ) fibril s. Veil cells (fibroblast-l ike cell s) prominen t ly 
surround the vesseL In one area the deposits of basement 
membrane- like materia l with collagen fibrils are present on 
both sides of a ve il cell. The veil ce lls resemble fibrobl asts in 
ultrastructure and are present around all t he microvessels in 
t he dermis- the elastic-containing arte rioles, t he capillaries, 
t he postcapi llary venules, and the large 50-J.Lm venules. 
In diabetic s kin , the venous capillaries and postcapi llary 
venules were primarily affected by t his type of vascular wall 
t hickening. The arterial capillaries were affected s light ly less 
often and the a rterioles were only occasionally involved. 
Fig 2 illustrates an extreme example of the vascular c ~anges 
observed in t he buttock skin of diabetics. Three vessels 111 one 
fi eld are affected. The periphera l belt of basement membrane-
like material with collagen fibrils frequently was fused with the 
vascular wall. The amount of coll agen fibri ls mixed with t he 
basement membrane-like material was variable. In some areas 
t he basement membrane material predominated, and in others 
t he collagen fibri ls were more prominent. In addition , t his 
material was often laid down as bands wi thin t he dermal 
interstiti um itself as indicated by the aste risks in Fig 2. There 
also appeared to be an increased amoun t of unidentified ma-
te rial deposited within t he vascular wall itself_ This was a 
consistent observation. For example , t he homogeneous-appear-
ing basement membrane in the a rterial capillary shown in ~ig 
2 is much more dense than that seen in t he normal artenal 
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capillary. (The t hin rim of collagen fibrils confined to t he 
periphery of the vascu lar wall is normal for an arterial capilla ry. 
In a venous capi llary, t he collagen fibrils are individually dis-
persed throughout the wa ll. ) The multilaminations of t he base-
ment membrane material in postcapillary venules, which are 
easy to see normally (F ig 3a), were visualized with difficulty in 
the postcapillary venules of sk in from diabetics (Fig 3b). This 
observation suggested that there was increased deposition of 
unidentitied material, most likely basement membrane mate-
rial, between the normally present lamellae of condensed base-
ment membrane in t he vascular wall. 
In t he subcutaneous fat, t he microvessels are often found 
without surrounding veil cells. The capillaries in t he subcutis 
normally have walls about 0.1 ILm t hick compared with t he 
dermal capi llaries which have walls 1- 3 ILm t hick [11] . In t he 
d iabetic skin, the cap illaries in the subcutaneous fat had vas-
cular walls 3- 10 times t hicker t han normal as shown in Fig 4. 
However, we never observed capillaries with t hickened walls 
that consisted of abnormally wide rings of basal lamina with 
intervening deposits of cellular debris as described by Vracko 
in the affected capillaries of diabetic skeletal muscle [12]. 
The elastic fibers in the calf and buttock skin were abnormal 
TABLE I. Correlation of vascular wall thickening with age, sex, and 
du.ration of diabetes 
Duration of 
Patient Sex Age (years) diabetes 
AC M 9 
MS F ll 
LL M 15 
DB M 16 
PR M 17 
CL'H F 17 
NE F 18 
MK M 23 
PB F 25 
AOH M 27 
LMcL F 27 
EP F 29 
BF F 29 
HT M 34 
JG F 36 
FIG 1. Buttock skin. Postcapillary 
venule with belt of basement membrane-
like material admixed with collagen (re-
ticulin) fibrils (M). Arrow indicates nor-
mal multilayered basement membrane 
material in wall. P = pericyte. V = veil 
cell. Bar= l11m. 
(years) 
2.5 
8 
11 
13.5 
6 
0.5 
9 
11 
14 
15 
21 
18 
20 
22 
30 
Percentage of 
thickened vessels 
(no. of vessels 
examined) 
13 (61) 
27 (87) 
33 (48) 
17.5 (74) 
37 (35) 
0 (42) 
5.5 (36) 
56 (48) 
64 (136) 
28 (50) 
15 (59) 
37 (202) 
65 (143) 
58 (176) 
39 (38) 
in all the patients examined. At least one-third of the elastic 
fibers in every section studied showed abnormalities which 
were present in t he absence of inflammatory cells. The elastic 
fiber abnormalities were present at all levels of the dermis. The 
elastic fibers in approximately one-third of the arterioles also 
were affected. The spectrum of abnormalities is illustrated in 
Fig 5a-d. Fig 5a shows elastic fibers with longitudinal fraying 
and sp litting into smaller fibrils. Fig 5b shows disruption of 
elastic fibers into small fragments. Fig 5c shows elastic fibers 
which have disintegrated into thin fibrils with a granular com-
ponent (a rrow). Fig 5d illustrates disintegration of the elastic 
fibers into smaller fragments (arrows) in the internal elastic 
layer of a dermal arteriole. 
Statistical ana lysis by multiple linear regression indicated 
that the degree of vascular wall thickening correlated better 
with the age of the patient (r ==' 0.541, p ==' 0.37) than with the 
duration of the diabetes (r = 0.489, p = .064). When age and 
disease duration were considered together in relation to t he 
percentage of t hickened vessels, this trend could not be con-
firmed. It is likely t hat t he sample size was too small for t his 
type of ana lysis. 
DISCUSSION 
The first ultrastructural studies of diabetic microangiopathy 
in skin described thick-walled dermal vessels with either a 
homogeneous or multilayered basement membrane [1 ,3,7,8]. 
Since the ultrastructure of the normal dermal microcirculation 
had not yet been described, these authors did not realize they 
were describing normal dermal microvessels whose fine struc-
ture was different from t hat of microvessels encountered in 
other t issues. Friederici, Tucker, and Schwartz compared the 
dermal vessels in diabetics with those ofnondiabetics and found 
that both groups had ident ically appearing thick-walled micro-
vessels which were indistinguishable from each other [8]. They 
concluded that although they did not understand why these 
dermal microvessels had such thick vascular walls, diabetes 
cou ld definitely be excluded as a specific etiologic factor. 
McMillan et al recognized t hat the basal lamina beneath the 
endothelia l cell was normal and postulated that deposition of 
unidentified material in the laminated and homogeneous base-
ment membrane material of the vascular wall produced the 
t hicken ing recognized with the PAS stain [7). Pardo, Perez-
Stable, and Fisher reported t hat in 50% of diabetics the vascular 
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FIG 3. Comparison of port ion of wall of postcapi llary venules from 
buttock sk in of normal and diabetic individuals. a, Normal multilayered 
basement membrane (arrow) is distinct and easily visualized. Bar= 1 
Jim. b, Diabetic person. Basement membrane material in wall appears 
more homogeneous and multilayered component (arrow) has become 
less distinct. Bar = 1 Jim. 
walls were t hicker t han in normal persons and in t hose with 
chemical diabetes [10] . T hey found no differences between 
normal controls and those with chemical diabetes. However 
Pardo et a l d id notice that a belt of connective tissue as 
described in t his paper, was laid down around the vessels. Pardo 
et al suggested t he vascular wall t hickening in diabetes was 
caused by this material rather than by t hickening of the basal 
lam ina per se. Yodaiken, Seftel and Rubenstein made similar 
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FIG 2. Buttock skin. Extreme vascu-
lar changes. Belt of connective tissue 
(M) around postcapi llary venule ( V, ). 
Similar mate rial deposited in dermal in -
ters.titium (as terisks ). V, = postcapillary 
venule. Arrows indicate multi layered 
basement membrane material in wall. 
The mul ti layered basement membrane 
material is not as distinct as in normal 
postcapillary venules. A = arteriole with 
denser than normal basement membrane 
material in wall. Bar = 1 11m. 
F 
FIG 4. Buttock skin. Capillary with widened wall in subcutaneous 
fat. F = fat ce iL E = endothelial cell. P = pericyte. Bar= 1 11m. 
observations, but concluded t hat a lthough cap illa ry wall t hick-
ening was more common in diabet ics than in nondiabetics it 
was still a nonspecific finding which cou ld not be used as a 
diagnostic or prognostic aid in diabetes [13]. The skin was 
subsequently abandoned as an area for the diagnosis and study 
of microangiopathy. · 
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FIG 5. Buttock skin. Degenerating elastic !ibers. a, Longitudinal 
fraying and splitt ing of !ibers. b, Elastic fibers disrupted into smaller 
pieces. c, Elastic fiber bundle undergoing granular disintegration (ar -
row) . d, Elastic !ibers in arteriole. Fibers present as abnormally small 
fragme nts (arrows). E = endothelia l cell. C = collagen fibrils. Bars = 
0.5,um. 
The vascular changes described in t his paper are identica l to 
those produced by actinic damage [14], lipo id proteinosis [15], 
the porphyrias [16], and PUVA treatment [17] . The vascular 
changes in diabetic calf sk in were more severe than those found 
in diabetic buttock skin , consistent with the obse rvation t hat 
actinic exposure produces similar vascular wall t hickening. In 
the studies of McMillan eta! [7], Pardo eta! [10], and Yodaiken 
et a l [13], the diabetic skin biopsies were taken from the dorsum 
of the finger and t he sun-exposed forearm skin. Such actinic 
exposure would blur the distinction between the skin of dia-
betics and the sk in of normal persons. This may be one of the 
factors that led Yodaiken et a l [13] to conclude that this type 
of vascu lar wall t hickening is a nonspecific finding in diabetes. 
In a previous study [14], we found mild to moderate vascular 
wall t hickening in the buttock skin of 3 of 8 aged normal, 
nondiabetic individuals who had marked vascular wall thick-
ening in their actinically damaged forearm skin. These 3 pa-
tients wen~ 70, 72, and 72 yea rs old. The other 5 patients who 
ranged in age from 59- 88 years had normal vessels in their 
buttock ski n. In both t he buttock and actin ical ly damaged 
forearm skin t he veil ce lls were prominent a round t he t hickened 
vessels. In addition , the belts of basement membrane-like ma-
terial admixed with collagen fibrils were applied to the ab- and 
adluminal sides of the veil cells. In the other cited studies 
[15,16], the veil cells were also prominent around the th ickened 
vessels, t hus implicating t hese fibroblast-like cells in the pro-
duction of this presumed connective tissue belt which is re-
sponsible for producing the appearance of thickened walls by 
ligh t and electron microscopy. This activi ty of the vei l cell 
appears to be nonspecific. 
The elastic fiber abnormalities t hat we observed in the but-
tock skin of diabetics are identical to those found in 50- to 93-
yea r-old normal, nondiabetic people. We have never observed 
such elastic fiber changes in adults under age 50. The abnor-
mali t ies illustrated in Fig 5a-d are identical to t he age-related 
changes of dermal and vascular elastic fibers observed in our 
studies on chrono logie aging [8]. The prevalence of elastic fiber 
abnormalities in diabetic arterioles was much higher than in 
the aged population we studied [1 4,17]. Caulfield described 
similar elastic fiber abno rmalities in the dermis and vessels of 
diabetic sk in ta ken from t he posterior aspect of the ear, from 
the extensor a nd flexor forearm skin , and from the back of the 
same individua l [18]. The elastic fiber abnormali ties illustrated 
in his paper and the ones shown in Fig 5a-d are distinctly 
different from t hose of actinic elastosis. Caulfield [19] could 
not relate his findings to the age of t he patient, clinical severity 
of t he diabetes, or to insulin intake. He considered t he elastic 
fiber ab normali t ies to be a generali zed phenomenon and spec-
ulated t hat t hey might be related to the high incidence of 
atherosclerosis seen in diabetes. 
The combination of premature, age-re lated elastic fiber ab-
normali t ies and vascular wall t hickening in t he skin of diabetics 
suggests that these two abnormalit ies may represent a morpho-
logic expression of cuta neous aging and perhaps even an expres-
sion of a generalized aging process rather than being pathologic 
events directly or indirectly related to the various underlying 
metabolic defects in diabetes such as insulin deficiency, car-
bohydrate metabolic derangements, acidosis, and hyperlipide-
mia. The suggested better co rrelation between vascular wall 
thickening and t he age of t he diabetic patient rather t han with 
t he duration of the disease in this small series, is a lso consistent 
with the hypothesis t hat the vascular changes may be related 
to an aging process. Our studies also emphasize that the vas-
cular wall thicken ing in diabetic skin is produced by a combi-
nation of connective tissue added to t he periphery of the 
vascular wall and a n increased deposition of unident ified ma-
terial , likely to be basement membrane, within t he vascular 
wall itself. The vascular abnorma li ties in diabetes may prove 
to be diagnostic for t his disorder if they are found in the sun-
protected skin of individuals under 50 years of age. 
Lastly, Vracko described a different type of vascular wa ll 
thickening in diabetic skeleta l muscle capillaries- multiple 
basal lamina, up to 2 t imes normal width, with cellular debris 
in between the lamina [12]. He had proposed that the endothe-
lia l cells and pericytes died prematurely in diabetes, leaving 
behind t heir basal lamina to serve as a scaffold upon which 
new endothelia l cells and pericytes could regenerate. These 
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cells would lay down new basal la mina and the cycle wou ld 
begin again. We did not see a ny vessels thickened in this way, 
either in the dermis or in the subcutaneous fat. Perhaps this is 
a pathogenetic mechanism peculiar to skeletal muscle capillar-
Ies. 
We thank William Tamborlane, M.D. and Robert Sherwin, M.D. for 
allowing us to study their patients with juvenile diabetes. 
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